, and Anthony C. the process by which carcinomas lose their apical-basal polarity and intracellular junctions, the result of which is a cancer cell that is more capable of migration, invasion and intravasation into the bloodstream [1] . Molecularly, EMT is largely driven by a number of related zinc finger binding transcription factors (TFs), which act in concert to induce these phenotypes. The gene expression changes brought on by EMT include:
loss of type IV collagens, inhibition of E-cadherin, and upregulation of fibronectins and Vimentin (reviewed in [2, 3] ). These gene expression changes are mediated directly by the mesenchymal zinc finger binding TFs zinc-finger E-box-binding 1 (ZEB1), ZEB2, Twist and Snail. Outside of the metastatic process, EMT has also garnered significant attention for its importance in response/resistance to anti-cancer therapies.
In non-small cell lung cancer (NSCLC) patients with Epidermal Growth Factor Receptor (EGFR) mutations, large clinical trials have demonstrated that treatment with EGFR inhibitors (EGFRi) improves progression free survival (PFS) in patients compared to those treated with chemotherapy [4, 5] . Based on these data, treatment with EGFRi is currently standard-of-care first line treatment for the estimated 10-15% of NSCLC patients whose cancers harbor activating mutations in EGFR. Despite the activity of EGFRi in EGFR mutant NSCLC across clinical trials [4, 5] , two critical barriers significantly limit their overall benefit to patients. First, initial responses are not uniform among EGFR mutant patients, with 30-40% of patients failing to receive a marked regression that meets RECIST level (defined as a 30% reduction in tumor volume)
response [4] . Second, for the remaining patients, clinical responses are limited due to the phenomenon of "acquired resistance", which describes the cancers' adaptation to
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Author Manuscript Published OnlineFirst on ; DOI: 10.1158/1078-0432.CCR- EGFRi therapy and subsequent regrowth. We and others have found that EGFR mutant NSCLCs that have an EMT phenotype are associated with resistance to EGFRi therapy, both in the upfront setting and in the acquired resistance setting [6] [7] [8] [9] [10] . These findings have spurred new efforts to uncover the molecular mechanisms underlying this type of resistance treatment in hopes of finding new therapies for these patients. Most notably, both AXL and SRC family members have been reported to contribute to EMT-mediated resistance to EGFRi by maintaining activation of key downstream signals [6, 8, 11] .
Apoptosis, an extensively conserved programmed cellular death process, is vital to the efficacy of cancer therapeutics. Indeed, low apoptosis underlies upfront resistance in several other targeted therapy paradigms [12] [13] [14] [15] [16] and deficiencies in apoptosis contribute to resistance to EGFRi in EGFR mutant NSCLCs [17, 18] . Poor apoptotic response has been reported in a number of studies to be caused by deficient expression of the pro-apoptotic gene BIM, particularly the functional (BH3-containing) form [13, 14, 19, 20] ; (reviewed in [17] ). Indeed, low expression of functional BIM transcripts was shown to confer upfront resistance to EGFRi retrospectively in our previous study that examined a series of EGFR mutant patient specimens [19] and low BIM mRNA was a retrospective predictor of overall response rate (ORR), PFS and overall survival (OS) in a large patient cohort in the EURTAC trial [21, 22] .
Herein, we investigate the role and mechanism of EMT-mediated depressed apoptosis following EGFRi treatment in resistance in EGFR mutant NSCLCs.
Materials and methods

Cell lines
Research. The EGFR mutant cell lines HCC4006, NCI-H1975 and HCC827 have been extensively characterized in previous publications [19, 23] . The H1975 R2 cell line has been described [9] . All cell lines were cultured in RPMI-1640 (Lonza) with 10% fetal bovine serum (FBS) plus 1% penicillin and streptomycin (Gibco). Mycoplasma testing is routinely done on all the cell lines (Lonza), and the latest tests were performed in Aug, 2017. We performed cell line authentication testing by SNP and STR analysis. These cell lines have been acquired over the 36 months. MGH cell lines were established EGFR mutant cell lines derived from EGFR inhibitor-resistant patients as previously described [24] . The KRAS mutant cell lines used in this study were described in a previous study [25] .
Drugs
Gefitinib, WZ4002, PF-299804, ABT-263 and ABT-199 were from Abmole. A-1331852 was kindly provided by AbbVie (Chicago, IL). Doxycycline Hydrochloride was from Fisher Scientific. 4-Hydroxytamoxifen was purchased from Sigma-Aldrich.
Western blotting
Western blots were performed as previously described [26] using the Invitrogen Midi-gel Tris-BIS system.
Immunoprecipitation (IP)
The indicated cells were lysed in the same buffer as used for Western blotting experiments: 25µL of protein A sepharose beads (GE Healthcare, Bio-Sciences, Pittsburgh, PA) were added to cellular lysates, followed by 0.5µg of BIM antibody (Cat# The ER-TWIST plasmid, which contains a fusion of the hormone binding domain of the estrogen receptor to TWIST and is conditionally activated by the presence of 4-Hydroxytamoxifen (4-OHT), has been previously described [27] . shRNA designed against ZEB1 in the pLKO.1 vector has previously been described [28] . siZEB1 was from Cell Signaling and Invitrogen. Scramble (Sc) control siRNA was from Qiagen. The shGFP plasmid was previously described [28] . The shSC plasmid was from SigmaAldrich (pLKO.1). shRNA transduction methodology has previously been described [29] .
The total concentration of siRNA used in each experiment was 100nM, and the siRNA was prepared with Hiperfect (Qiagen) in Optimem (Invitrogen).
Apoptosis and cell cycle determination
Apoptosis and cell cycle determination were performed in triplicate on a Millipore Guava except for Figure 4A which was performed on a LSR II (BD Biosciences, San Jose, CA). qRT-PCR ZEB1, TWIST, BCL2L11 (BIM) and β-Actin mRNA levels were determined by amplification and quantification of Sybr-Green as previously described [30] . The primer
ZEB1 CRISPR/Cas9
The ZEB1 guide RNAs were from the GenCRISPR construct service (Genscript). The empty lentiCRISPR V2 was a gift from Feng Zhang; Addgene plasmid #52961 [31] . WZ4002 was administered by oral gavage 25mg per kg of body weight in 10% 1-methyl-2-pyrrolidinone: 90% PEG-400. Navitoclax was administered by oral gavage at 80mg per kg of body weight in a mixture of 60% Phosal 50 PG, 30% PEG 400 and 10% Ethanol.
All drugs were administered 5 days/week. There were 4-6 mice per cohort. The animal experiment was approved by the Virginia Commonwealth University Institutional Animal
Care and Use Committee (IACUC protocol# AD10001048).
Research. 
ZEB1 ChIP
ChIP was performed as previously described [30] . Briefly, cells were fixed for 15-minutes Short reads were aligned to the hg19 genome assembly (National Center for Biotechnology Information Build 37) with Bowtie2 v4.1.2 software for the alignment of short DNA sequences [33] . Data were analyzed and bound sites (from ChIP followed by deep sequencing) were identified with MACS v1.4.2 (Model-based Analysis for ChIPSeq) software for peak discovery and next-generation sequencing analysis [34] .
Occupied sites were identified by searching for groups of tags positioned in a sliding window of 500 bp. Experimental samples were compared against the controls using a Poisson distribution as assigned by the MACS aligner. The threshold for the number of tags that generated an interacting site was determined for a false-discovery rate of 0.001. Peaks were also required to have at least fourfold more tags (normalized versus total number) than the control samples. Visualization was performed with the IGV v2.3.81 tool.
Analysis of co-genes
Cell lines gene expression obtained from the CCLE website ("Entrez_2012_9-29") were placed into a high BIM expressed group or a low BIM expressed group based on expression limits determined empirically. Cell lines with intermediate expression of BIM were not analyzed. The correlation between BIM expression and all other genes was determined by comparing expression of each gene between the two BIM expression groups using the t-test. The false discovery rates (FDRs) were determined based on correction for multiplicity using the Benjamini-Hochberg method.
BIM and EMT gene analyses
For the low BIM versus high BIM analysis in relation to EMT genes, the lowest 20% BIM expressing cells were considered low BIM, with the rest considered medium and high BIM. The Garnett data set was downloaded from Oncomine® premium edition which is 
Results
Mesenchymal cancers have low BIM levels
Based on our previous work highlighting the critical role of BIM in targeted therapyinduced apoptosis [14, 16, [19] [20] [21] [22] , we sought to identify potential modifiers of BIM expression to inform possible future therapeutic strategies. To this end, we interrogated the cancer cell line encyclopedia (CCLE) [35] , to investigate gene expression data of ~19,000 genes in 857 solid tumor cancer cell lines. With this data set, we performed an unbiased expression analysis (details in materials and methods) to determine the relationship of the expression of each gene with that of BIM. The EMT marker Vimentin is the strongest associated gene amongst ~19,000, being highly inversely correlated with BIM (BCL2L11) (p value= 8.69x10 -39 , Sup. Table 1) . Additionally, the expression of seven of the top nine correlated genes were either epithelial or mesenchymal-related genes (Fig. 1A, Sup Fig. 1A and 1B, and Sup. Table 1 ). Although cancers with high BIM expression had a range of Vimentin levels, those with low BIM expression almost uniformly had high Vimentin expression (Fig. 1B, left panel) .
We queried other deposited datasets in Oncomine® [36] and a similar analysis of a second solid tumor cancer cell line database confirmed the striking relationship between mesenchymal cancers and low BIM expression (Fig.1B, right panel) . To determine whether mesenchymal cells had lower BIM expression specifically in lung cancers (encompassing both NSCLC and SCLC), we restricted the analysis to this cancer subtype. Again, we found low BIM to be strongly associated with mesenchymal status across both cell line datasets (Fig. 1C, left and right panels) .
In order to test our hypothesis that low BIM associated with high Vimentin expression in primary tumors, we identified a series of 80 NSCLC tumor samples from four primary locations, with 20 matched normal samples from the same patients [37] , and confirmed the association between high Vimentin expression and low expression of BIM (Fig. 1D,   left panel) . In addition, in a collection of 121 primary NSCLC tumors from the expression project for oncology (expO), we similarly found high Vimentin expression associated with low BIM expression (Fig. 1D, right panel) . Altogether, these data demonstrate a strong inverse relationship between low BIM expression and high mesenchymal gene expression.
Research. To more directly test the impact of EMT on BIM expression and EGFRi efficacy, we induced EMT by utilizing an ER-TWIST plasmid that enables conditional activation of TWIST in the presence of 4-Hydroxytamoxifen (4-OHT) [27] . Following infection with ER-TWIST-containing virus and antibiotic resistance selection, we generated two EGFR mutant NSCLC cell line derivatives that stably express the ER-TWIST construct (HCC4006 ER-TWIST and H1975 ER-TWIST). Subsequent treatment of these cells with 4-OHT induced an EMT, as evidenced by increased ZEB1 and decreased E-cadherin levels ( Fig. 2A and 2B, left panel) . Consistent with the correlative gene expression data in large cell line collections ( Fig. 1) , induction of an EMT in these cells was sufficient to promote a decrease in BIM EL expression, the most abundantly expressed BH3-containing BIM isoform [38] , both at the protein ( Fig. 2A ) and RNA level ( (Fig. 2A) . Decreased BIM expression in the mesenchymal cells led to depressed apoptosis following EGFRi treatment (HCC4006; 1µM gefitinib, H1975; 1µM third generation EGFR mutant L858R/T790M inhibitor, WZ4002) (Fig. 2C) . Notably, this was despite similar shutdown of EGFR and downstream signaling pathways (Fig. 2D) , leading to analogous growth arrest as evidenced by similar increases in the percent of cells in the G 1 phase of cell cycle (Fig. 2E) . Furthermore, WZ4002 treatment led to comparable increases in BIM protein in the parental and EMT cells, which is mediated by suppression of MEK/ERK [23, 38, 40] , and decreases in MCL-1, which is mediated by suppression of PI3K/TORC1 [23] (Fig. 2D ). There were also increases in BIM mRNA levels in these cells, consistent with a contribution of BIM mRNA regulation by the MEK/ERK pathway [41] (Sup. Fig. 2A) Fig. 2F and Sup Fig. 2B ).
We next determined whether restoration of BIM in the cells induced to undergo an EMT was sufficient to re-sensitize to EGFRi. Titrating increasing amounts of BIM using a doxycycline (Dox)-inducible system [19] , we observed that increased BIM was sufficient to re-sensitize the EMT cancers to WZ4002 (Fig. 2G and Fig. 2H ).
To further test the hypothesis that induction of EMT led to loss of BIM expression, we induced an EMT via a second approach; chronic exposure of EGFR mutant cell lines to recombinant TGF-β [11] . TGF-β-treated HCC827 cells (827T) underwent the expected characteristic changes attributed to EMT, including upregulation of ZEB1, and downregulation of E-cadherin (Sup. Fig. 2C ). In addition, the 827T cells had suppressed BIM protein and mRNA levels (Sup. Fig. 2D ) and were resistant to apoptosis induced by the EGFRi, gefitinib (Sup. Fig. 2E ). Further, the PI3K and MEK/ERK pathways in the 827T cells remained sensitive to gefitinib and the levels of the other BCL2 family members were not markedly affected by the EMT (Sup. Fig. 2F ). These findings are consistent with the ER-TWIST results ( Fig. 2A and Fig. 2D ) and are consistent with the hypothesis that diminished apoptosis was a result of the suppression of BIM. In a second EGFR mutant cell line, chronic treatment with TGF-β similarly led to an EMT phenotype and reduced BIM levels (H1975T, Sup. Fig. 2G-H) , as well as a poorer apoptotic response to WZ4002 (Sup. Fig. 2I ). In summary, we believe that these results support the model that EMT induction suppresses BIM at the RNA level and mitigates EGFRi-mediated apoptosis.
BIM is suppressed in EGFRi resistant models of EGFR mutant NSCLC that undergo 
We found directly inducing EMT by exogenous TWIST activation (Fig. 2) or chronic TGF-β treatment (Sup. Fig. 2 ) led to depressed levels of BIM resulting in suppression of EGFRi-induced apoptosis and resistance to EGFRi (WZ4002 and gefitinib). We next sought to assess whether this mechanism of depressed BIM expression was similarly active in cells with acquired resistance to EGFRi. These resistant models were established as we have previously done by exposing sensitive cells to increasing amounts of EGFRi until they obtain the ability to survive and grow in the presence of EGFRi [9] . The H1975 R1 and H1975 R2 cells [9] were developed by exposure to increasing concentrations of the pan-ErbB inhibitor, second-generation EGFR inhibitor PF-299804 (dacomitinib); these cells were cross-resistant to WZ4002 (Fig. 3A) and underwent an EMT (Fig. 3B) . Consistent with the data from the induced-EMT models ( Fig. 2 and Sup. Fig. 2 ) and the gene expression data ( Fig. 1 and Sup. Fig. 1 ), these cells had diminished levels of BIM at both the protein and RNA level ( Fig. 3B and 3C ).
Two additional EGFR mutant models that are sensitive to the third-generation EGFRi, WZ4002, the patient-derived treatment-naïve MGH119-1 (exon 19 del) and patientderived erlotinib-resistant MGH164-2A (exon 19 del/T790M) cells were made resistant to WZ4002 using the same approach as in the H1975 model (Sup. Fig. 3 , left panels).
Multiple independent resistant lines with mesenchymal features were generated and each line had suppressed BIM levels compared to the parental cells (Sup. Fig. 3 , right panels). These data indicate that in cell culture models of EMT-associated EGFRi acquired resistance BIM is likewise depressed. Low BIM RNA levels in mesenchymal cancers suggest that the regulation of BIM expression may be occurring at the transcriptional level (Fig. 1, Fig. 2B , Sup. Fig. 1 , Sup. Fig. 2A , Sup. Fig. 2D and Sup. Fig. 2H ). Therefore, we hypothesized that one of the number of well-characterized transcriptional repressors that is upregulated following EMT could be directly suppressing BIM transcription. Using the SwissRegulon portal [42] we searched for mesenchymal transcriptional regulators [6, 27] that had putative binding sites in the BIM promoter. From these analyses, we identified that the transcriptional repressor ZEB1 [2] was a candidate to bind the BIM promoter (Sup. Fig. 4) . It is noteworthy that Vimentin had the highest positive gene correlation with ZEB1 among all other genes in 38 NSCLC cell lines [43] and, as would be expected, we found high ZEB1 was highly correlated with low BIM expression in the CCLE (Sup. Fig. 5A ). We next queried data archived in the ENCODE project of whole genome ChIP-seq of ZEB1 in the HepG2 kidney cell line and identified ZEB1 binding in the BIM promoter (Fig. 3D) . To Table 2 ). In addition, BIM (BCL2L11) was also directly bound by ZEB1, consistent with the data from our database analyses and cell culture experiments (Figs. 1-3 and Sup. Figs. 1-3 (Fig. 3E ). These data demonstrate that ZEB1 is a novel regulator of BIM through direct binding of the BIM promoter in EMT NSCLC. In addition, this regulation occurs in EGFR mutant NSCLCs that are resistant to EGFR inhibition and underwent an EMT.
To confirm a functional role for ZEB1 in suppressing BIM levels, we genetically depleted ZEB1 by short hairpin (sh) RNA or CRISPR in the H1975 R2 model. Consistent with the ChIP-seq and ChIP findings, knockdown of ZEB1 led to an increased expression of BIM, at both the protein and RNA level (Fig. 3F, Sup. Fig. 5B , left panel and Sup. Fig. 5C , left panel). Importantly, this depletion of ZEB1 also led to re-sensitization of H1975 R2 cells to WZ4002 (Fig. 3G, 3H , Sup. Fig. 5C, middle and right panel) . Similarly, in the H1975 EMT model induced by ER-TWIST, knockdown of ZEB1 led to de-repression of BIM protein and RNA (Fig. 3I and Sup. Fig. 5B, right panel) and restored EGFRi-induced apoptosis and re-sensitized these EMT cancers to WZ4002 (Fig. 3J and 3K) .
Furthermore, knockdown of ZEB1 with siRNA was also sufficient to de-repress BIM in H1975 R2 (Sup. Fig. 5D ) and HCC4006 ER-TWIST cells (Sup. Fig. 5E ). These data demonstrate that ZEB1 suppresses BIM expression in cells that have undergone EMT and depletion of ZEB1 restores BIM expression and sensitivity to EGFRi. (Fig. 4A) . This translated to a marked sensitization to WZ4002 over 72 hours in proliferation assays (Fig. 4B) . In the H1975 ER-TWIST model, the 4-OHT treated cells likewise were sensitized to EGFRi with the addition of ABT-263 (Sup. Fig. 6A ). Interestingly, immunoprecipitation of BIM complexes in the H1975 R2 cells (Fig. 4C) Fig. 6C) . Similarly, in two mesenchymal EGFR mutant NSCLC lines that have poor apoptotic responses to WZ4002 alone (Sup. Fig. 7A ) and EGFRi-resistant mesenchymal models (Sup. Fig. 7B ), ABT-263 induced robust apoptosis that translated to dramatic reductions in long term viability (Sup. Fig. 7C ). Finally, we tested the combination in an EMT mouse xenograft model. Mice bearing H1975 ER-TWIST tumors were treated intraperitoneally with 2.5mg tamoxifen to induce an EM (which we verified by Western blot of the tumor lysate (Sup. Fig. 8A ) and cohorts of mice were treated with WZ4002 (25mg/kg), ABT-263 (80mg/kg) or the combination at the same doses. Consistent with our in vitro observations, while single-agent WZ4002 was sufficient to markedly slow the growth of the tumors, the addition of ABT-263 was necessary to shrink tumors (Fig. 4D) .
ABT-263 introduces an apoptotic response in mesenchymal EGFR
Therefore, re-establishing an apoptotic response in EMT-mediated EGFR mutant NSCLC resistant cells is a promising pharmaceutical strategy.
ZEB1 regulates BIM in additional oncogene-addicted NSCLCs
The incidence of EGFR activating mutations in NSCLC is usurped only by those in
KRAS.
To determine whether ZEB1 is also regulating BIM in KRAS mutant mesenchymal NSCLCs, we interrogated five epithelial and five mesenchymal KRAS mutant NSCLCs from a panel of KRAS mutant lung cancer cell line models for ZEB1 and BIM expression. Western blotting revealed that 4/5 lowest BIM expressers were indeed mesenchymal-like. As expected, these cancers expressed ZEB1 while the epithelial-like cancers did not (Fig. 4E) 
there was an inverse relationship between ZEB1 expression and BIM (Sup. Fig. 8B ).
Furthermore, induction of an EMT in the H358 cells by chronic TGF-β treatment, led to repression of BIM, consistent with the effects of EMT on BIM expression in EGFR mutant NSCLCs (Sup. Fig. 8C ). We knocked down ZEB1 expression in the mesenchymal SW1573, H1792 and Calu-1 cells and observed de-repression of BIM in all three lines (Fig. 4F) . Altogether, these data indicate that both EGFR and KRAS mutant NSCLCs that undergo EMT suppress BIM through ZEB1-mediated transcriptional repression leading to targeted therapy resistance. The resistance in the mesenchymal cancers can be overcome by de-repression of BIM via ZEB1 targeting or BCL2 family inhibition in combination with the appropriate targeted therapy.
Discussion
It has become increasingly clear that deficient apoptosis mitigates responses within a number of targeted therapy paradigms including EGFRi in EGFR mutant NSCLC [13-15, 19, 21] . Additionally, deficient BIM expression and EMT have independently associated with resistance to targeted therapies [6, 8, 11, 12, 14, [19] [20] [21] [22] 48] ; however no link had been previously established between the two.
In this study, we analyzed potential BIM modifiers and ultimately identified a novel ZEB1-BIM interaction that mediates low BIM expression in NSCLCs that undergo EMT, thereby revealing a mechanistic link between the two modes of resistance. ChIP-seq data reveal that the depression of BIM is mediated by direct ZEB1 binding to the BIM promoter and suppressing BIM transcription. Indeed, these data may also provide critical insight into EMT-associated resistance in multiple settings as mesenchymal markers and low BIM expression are associated across multiple solid tumor types (Fig. 1A , Sup. 
1B and Sup. Fig. 5A ), ZEB1 binds to the BIM promoter in non-lung cancer cells (Fig.   3D ), and EMT is broadly associated with resistance to a number of targeted therapies, chemotherapies and radiotherapy in various cancer types [10, 15, [49] [50] [51] [52] [53] [54] .
EMT has been reported previously to specifically associate with resistance to EGFRi in EGFR mutant and EGFR wild-type NSCLCs [6, 9, 27, [55] [56] [57] . Src family kinases have been identified as potential mediators of resistance in mesenchymal cancers, although early phase trials of NSCLC with the combination of gefitinib and the pan-Src inhibitor dasatinib did not support continuation of the combination. It should be noted these patients were molecularly unselected [58] . Therefore, it remains an open question as to whether EGFR mutant NSCLC patients with EMT would specifically derive benefit from this combination. EMT-mediated resistance has also been attributed to sustained activation of downstream signaling pathways by the AXL receptor tyrosine kinase [6, 8, 11] . The role for AXL in mediating resistance also remains to be fully elucidated [48] .
More recently, NOTCH1 has been implicated in ZEB1-mediated EGFRi resistance in EGFR mutant lung cancers [59] . In our study, upon induction of EMT through conditional activation of TWIST or recombinant TGF-β treatment, there were no changes in either the ability of EGFR inhibitors to downregulate EGFR phosphorylation or downstream oncogenic signaling, namely the PI3K/AKT and MEK/ERK pathways. However the ability of the EGFRi to induce apoptosis was markedly diminished. These data are consistent with a recent report, in which Settleman and colleagues treated EGFR mutant HCC827
NSCLCs with recombinant TGF-β and saw marked differences in the ability of gefitinib to induce apoptosis, but not downregulate pEGFR, pAKT, or pERK [11] . It has also long been appreciated that EMT confers apoptotic resistance to a number of anti-cancer therapeutics, including compounds not related to direct suppression of RTKs and downstream signaling pathways. Please note that low BIM is likely only one of multiple Given the multiple findings that deficient functional BIM expression promotes EGFRi resistance, our findings further support implementation of therapeutic strategies that combine EGFRi with drugs that can overcome ZEB1-mediated suppression of BIM [14, 17, 19, 20] . Indeed, we observed that acute depletion of ZEB1 was sufficient to derepress BIM and re-sensitize EMT cells to WZ4002 (Fig. 3F-3K and Sup. Fig. 5C ). While ZEB1 cannot be directly targeted at this time, this newly described mechanistic link between EMT and loss of BIM expression could be leveraged to identify therapeutic approaches to overcome EMT-induced resistance. For example, we observed that the reduced levels of BIM can potentially be overcome with direct targeting of BCL-xL as has been reported by others [14] . The pharmaceutical approach of combining ABT-263 and an EGFRi could be successful in both EGFR mutant lung cancers with EMT-mediated acquired resistance, as well as mesenchymal cancers in the upfront setting. In addition, our data suggests EMT marker expression could be used as a biomarker to direct patients that may benefit significantly from apoptotic de-repression mediated by the combination of EGFRi and BH3 mimetics, which are entering the clinic for EGFR mutant NSCLCs (i.e. clinical trial NCT01009073). We have previously demonstrated that a combination of the 3 rd generation EGFRi with ABT-263 can increase the amount of apoptosis [18] and importantly, in a previous small trial of 11 
